Pulmonary-renal syndrome is a rare clinical syndrome defined by a combination of diffuse alveolar hemorrhage and rapidly progressive crescentic glomerulonephritis. It is not a single entity, but is caused by a wide variety of diseases including Goodpasture's syndrome associated with autoantibodies against glomerular and alveolar basement membrane (anti-glomerular basement membrane (anti-GBM)). Anti-GBM disease is an autoimmune disorder, estimated to occur in less than one case per million population. A 59-year-old previously healthy man presented with acute kidney injury (AKI, stage 3, KDIGO) with signs of nephritic syndrome, progressive oliguria, dyspnea with mild hemoptysis, cruses edema and elevated blood pressure. Serologic results were all negative except very low titer of anti-proteinase 3 antibodies. Chest radiograph revealed diffuse pulmonary infiltrations. Renal biopsy demonstrated necrotizing crescentic glomerulonephritis with linear pattern for immunoglobulin G along the entire GBM in immunofluorescent staining. Based on whole clinical picture, the diagnosis of Goodpasture's syndrome was done and the intensive treatment, including plasmapheresis, cyclophosphamide and prednisone, along with hemodialysis was provided. Improvement of patient's general condition was achieved. Despite recovery of diuresis, attempt to discontinue hemodialysis was found unsuccessful. The case proves the importance of diagnostic vigilance in patients presenting with AKI. Although supportive, in many cases, serology tests can be negative or ambiguous and should not prevent profound diagnostic process including kidney biopsy. Late diagnosis in the course of anti-GBM disease, in spite of proper treatment, correlates with less favorable kidney outcomes.
Introduction
Pulmonary-renal syndrome is a severe clinical syndrome, defined by a combination of diffuse alveolar hemorrhage and rapidly progressive crescentic glomerulonephritis. It is not a single entity, but is caused by a wide variety of diseases. Numerous studies have found that the most common cause is antineutrophil cytoplasmic antibodies (ANCA)-positive vasculitis followed by another autoimmune disorder anti-glomerular basement membrane (anti-GBM) antibody disease or Goodpasture's syndrome (GS) [1] [2] [3] . The incidence of anti-GBM disease is estimated to be 0.5 -1.8 cases per million population [4] . It is responsible for 1-5% of all types of glomerulonephritis and for 10-20% of crescentic glomerulonephritis [5] . This medical condition is associated with presence of circulating autoantibodies against α3 chain of type IV collagen localized in glomerular and alveolar basement membrane. Although rare, a few cases with absence of circulating anti-GBM antibodies have been described [6, 7] .
This case review focuses on a classic clinical presentation of anti-GBM disease with supporting histologic and radiologic evidence but with ambiguous serological evidence.
Case Report
A 59-year-old previously healthy man, a long-standing cigarette smoker, presented to a local community hospital emergency department with acute kidney injury (AKI) with progressive oliguria, dyspnea, cruses edema and elevated blood pressure. Two weeks before hospitalization, he had lumbar pain, polyuria, hematuria and proteinuria and was unsuccessfully treated with ciprofloxacin. There was no another previous history of renal or pulmonary disease. No family disease was known and he had also no other relevant findings in his past medical history. Upon admission, his chief complaint was malaise and weakness. Laboratory data revealed elevated levels of serum creatinine of 10.3 mg/dL, fulfilling the requirements of third stage of AKI according to KDIGO Szczykowska et al World J Nephrol Urol. 2017;6(1-2):10-13 diffuse pulmonary infiltration ( Fig. 1 ). His oxygen saturation was 95% on 21% oxygen with no signs of carbon dioxide retention.
The patient was transferred to our institution for further workup of pulmonary-renal syndrome. Serologic tests for ANA, pANCA and anti-GBM antibodies were all negative except anti-proteinase 3 antibody (cANCA) at very low titers. Ultrasonography examination revealed kidney of normal size with no anatomic abnormalities, so the procedure of kidney biopsy was performed. Necrotizing crescentic rapidly progressive glomerulonephritis (RPGN) with linear pattern for immunoglobulin G along the entire GBM in immunofluorescent staining was identified. In three of six glomeruli, large cellular crescent and fibrinoid necrosis of capillaries were described (Figs. 2 and 3) . The patient's respiratory status started to deteriorate and the episodes of mild hemoptysis appeared. Chest computed tomography (CT) revealed bilateral, coalescent airspace opacities and extensive ground glass appearance (Fig.  4) .
Based on whole clinical picture, the diagnosis of GS, despite lack of circulating anti-GBM antibodies, was made and the intensive treatment was provided. It included 14 plasmapheresis to remove potential circulating antibodies and other mediators of inflammation, combined with oral cyclophosphamide and methyloprednisolone for first 3 days intravenously, followed by daily oral prednisone. Doses were determined according to KDIGO 2012 guidelines. Hemodialysis three times per week was also continued. Improvement of patient's general condition was achieved. Unfortunately, despite recovery of diuresis (even 2,000 mL/day), attempt to discontinue renal replacement therapy was found unsuccessful, as the continuous rise of creatinine concentration was observed.
Discussion
GS typically occurs in the third and seventh decade of life. Symptoms may either start slowly, gradually affecting kidneys and lungs, or they may progress rapidly, and become severe in a few days [8] . There are essential variations in the clinical manifestations of patients with anti-GBM disease, with 60-80% having clinically apparent pulmonary and renal involvement, 20-40% having renal disease only, and less than 10% having only pulmonary manifestation [9] . Our case had a classic bimodal presentation with an initial more expressed renal degradation phase, followed by pulmonary involvement.
RPGN and diffuse alveolar hemorrhage represent a medical emergency, so an early diagnosis and appropriate treatment should have been provided. The prognosis of untreated acute glomerulonephritis due to GS is extremely poor. In one review of 32 patients suffering from anti-GBM disease, 29 (which is 90%) progressed to end-stage renal disease, most of them in less than 6 months [10] . The use of aggressive therapy with plasma exchange in association with immunosuppressive agents has dramatically improved outcome [11] . However, Goodpasture's Syndrome World J Nephrol Urol. 2017;6(1-2):10-13 renal survival still correlates closely with the degree of renal failure at presentation [12] . Therefore, an early diagnosis is essential for patient survival and recovery of renal function. The diagnosis of pulmonary-renal syndrome caused by anti-GBM disease requires demonstration of anti-GBM antibodies either in the serum or the kidney. In our case test for circulating anti-GBM antibodies was negative. It might have been false negative result, because it was performed using indirect immunofluorescence on primate kidney and lung tissue, which is not quantitative and sensitive enough and can give false negative results even in 10-40% [13] . A more common approach is detection of anti-GBM antibodies in serum using an enzyme-linked immunosorbent assay (ELISA), but it is unfortunately not routinely performed in our laboratory. This assay has reported sensitivity of over 95% and specificity of 91-100% [10] . Nonetheless, there are several cases in which no circulating anti-GBM antibodies were detectable by well-established ELISA or Western blotting techniques. One of them describes three cases where diagnosis of GS was confirmed by renal biopsy. In addition, an alternative method of antibody detection using highly sensitive biosensor system confirmed that circulating antibodies were present in sera from both patients tested [6] . Because this technique is not widely available for the detection of anti-GBM antibodies, the diagnosis of anti-GBM disease should be considered in correct clinical context, even despite negative serological test results and always be confirmed by renal biopsy.
Not only anti-GBM antibodies were equivocal in our case, but also was test for cANCA positive. It is not so rare phenomenon. One-third of patients with GS, during the natural course of illness, have circulating antineutrophilic cytoplasmic antibodies in addition to anti-GBM antibodies [14] . However, numerous studies have shown that ANCA positive patients with anti-GBM disease usually have ANCA directed against myeloperoxidase (pANCA) rather than proteinase-3 (cANCA) [14, 15] . In most cases, the ANCA antibodies may be detectable months or years before the production of anti-GBM antibodies and clinical onset of the disease [16] . There is a hypothesis that renal involvement in ANCA vasculitis leads to the exposure of antigens from the basement membrane and the formation of specific antibodies.
The treatment of choice in GS is plasmapheresis in conjunction with oral prednisone and cyclophosphamide. This aggressive regimen has significantly improved prognosis. Regrettably, as in our case, recovery of kidney function is rare if dialysis is required at initiation of treatment [12] . Moreover, the best therapy response is achieved when the percent of crescent on initial kidney biopsy is lower than 50 and pretherapy serum creatinine concentration is below 4.0 mg/dL [5] . This was confirmed also in our case.
Conclusions
GS is a rare autoimmune disorder with many types of presentation but it always has to be considered in patients presenting with rapidly progressive AKI, despite the absence of anti-GBM antibodies. Seronegative pulmonary-renal syndrome is a challenging entity to the clinician, since early diagnosis may be missed leading to delayed appropriate treatment. Negative or ambiguous serology test should not prevent profound diagnostic process. Each case of AKI of unknown etiology requires renal biopsy to identify the underlying cause and to help direct therapy. Late diagnosis, even in spite of right treatment, correlates with less favorable kidney outcomes. The presence of cANCA adds complexity to the diagnostic approach in an already rare and complex disease.
